In our genomes there are thousands of copies of human endogenous retroviruses (HERVs) originated from the integration of exogenous retroviruses that infected germ line cells millions of years ago, and currently an altered expression of this elements has been associated to the onset, progression and acquisition of aggressiveness features of many cancers. The transcriptional reactivation of HERVs is mainly an effect of their responsiveness to some factors in cell microenvironment, such as nutrients, hormones and cytokines. We have already demonstrated that, under pressure of microenvironmental changes, HERV-K (HML-2) activation is required to maintain human melanoma cell plasticity and CD133+ cancer stem cells survival. In the present study, the transcriptional activity of HERV-K (HML-2), HERV-H, CD133 and the embryonic transcription factors OCT4, NANOG and SOX2 was evaluated during the in vitro treatment with antiretroviral drugs in cells from melanoma, liver and lung cancers exposed to microenvironmental changes. The exposure to stem cell medium induced a phenotype switching with the generation of sphere-like aggregates, characterized by the concomitant increase of HERV-K (HML-2) and HERV-H, CD133 and embryonic genes transcriptional activity. Although with heterogenic response among the different cell lines, the in vitro treatment with antiretroviral drugs affected HERVs transcriptional activity in parallel with the reduction of CD133 and embryonic genes expression, clonogenic activity and cell growth, accompanied by the induction of apoptosis. The responsiveness to antiretroviral drugs treatment of cancer cells with stemness features and expressing HERVs suggests the use of these drugs as innovative approach to treat aggressive tumours in combination with chemotherapeutic/radiotherapy regimens.
Introduction
In human genome there are thousands of copies of HERVs, originated by the integration of infectious exogenous retroviruses in the germ line cells, occurred millions of years ago [1] . The inserted retroviral DNA has been subsequently inherited in a mendelian fashion, residing in every nucleated cell of the organism, where HERVs actually constitute up to 8% of the genome [2] . During evolution, the host co-opted HERVs sequences for own biological functions. Indeed, the long terminal repeats (LTRs) of HERVs contain enhancers, promoters and polyadenylation signals [3] that shape the cellular transcriptome. Under the influence of the surrounding microenvironment, HERVs are differentially expressed during developmental stages and in differentiated tissues [4, 5] . Several HERVs encode active retroviral proteins, which are involved for physiological functions in the host, such as the development of the placenta and pregnancy maintenance [6] . Most of HERVs have been silenced by genetic mechanisms, such as mutations and deletions, as well as epigenetic, including increased methylation, resulting in their inactivation. Although their transcriptional activity and the encoded proteins may exert important physiological functions, HERVs deregulation has been associated with many complex diseases, such as autoimmunity, neurological and psychiatric disorders, infectious diseases and cancer [7] [8] [9] [10] [11] . In cancer, HERVs drive tumorigenesis through different mechanisms, such as insertional mutagenesis, activation of downstream oncogenes, expression of HERV-K oncogenic proteins, alteration of cellular checkpoints, fusogenic and immunosuppressive activity [12] [13] [14] . Indeed, HERVs expression has been found in tumor tissues as mRNA and proteins and antibodies against HERVs have been detected in sera from patients [11, 12, [15] [16] [17] . Besides, HERVs can exert a positive role in cancer by stimulating the innate immune response mainly acting via IFN network stimulation [18] . One of the main features of HERVs is their responsiveness to factors present in the cell microenvironment, such as nutrients, hormones and cytokines, leading to their transcriptional reactivation [11] . In this context, HERVs could represent the link among microenvironment and cancer cells as genetic elements reactive to external stimuli [5] . Several findings demonstrate the crucial role of tumor microenvironment (TME) in tumorigenesis and cancer progression [19, 20] . TME is a complex milieu, including stromal cells, blood vessels, activated cancer associated fibroblasts (CAFs), tumor-associated macrophages (TAMs) and extracellular matrix (ECM). By the release of growth factors, CAFs stimulate the survival of tumor cells and the recruitment of several cell types such as proangiogenic macrophages, neutrophils and endothelial precursor cells [21] . Besides, anti-inflammatory cytokines produced by infiltrating regulatory T cells and TAMs, promote tumor progression inducing an immunosuppressive environment [22] . The complexity of the TME is also due to presence of several macromolecules or metabolites such as collagen, hyaluronan, fibronectin, albumin, lipids and others, that differently contribute to the cancer development especially in stressful conditions [23, 24] . Furthermore, due to the high rate of proliferation and the chaotic and inefficient neo-vasculature, regions of most solid tumors are subjected to hypoxic environment [25] . Taken together, all these components exert a microenvironmental pressure, resulting in tumor cells reprogramming and generation/expansion of cancer stem cells (CSCs), able to self-renew and initiate and maintain the tumor growth [26] . CSCs are also involved in chemoresistance, cancer relapse and poor overall survival, given their ability to self-renew and to differentiate into the heterogeneous lineages of cancer cells also in response to chemotherapeutic agents [27, 28] . Thus, CSCs and TME influence each other, contributing to the malignancy evolution in a dynamic process into the entire life of the tumor. Indeed, differentiated tumor cells under TME pressure can generate CSCs, demonstrating that cell plasticity is maintained throughout tumor progression, a phenomenon called phenotype switching [29, 30] .
Different biomarkers have been investigated to distinguish CSCs from the bulk of the tumor cells. Among these markers, the CD133 (also known as prominin-1), a membrane-bound glycoprotein, is one of the most recognized CSCs marker [31] and its expression is associated with negative prognosis in different type of tumors including melanoma [32] , liver [33] and lung cancer [34] . CSCs are also characterized by the expression of stem cell-specific embryonic transcription factors, including octamer-binding transcription factor 4 (OCT4), NANOG and SRY-related HMG-box 2 (SOX2) [35] . These transcription factors often work in combinatorial complexes regulating the expression of gene loci involved in tumor transformation and metastasis [36] ; indeed, they correlate to poorly differentiated cancer cells [37] .
In a previous study, we demonstrated that in human melanoma TVM-A12 cells, with CSCs features and expressing OCT4 and NANOG, HERV-K reactivation under pressure of microenvironmental changes is strictly required to maintain cell plasticity and to sustain the expansion of the CD133+ subpopulation [38] . Starting from our previous experience on melanoma cells, in the present study we widen the assessment of the response to microenvironmental changes and HERVs expression also in cell lines from liver and lung cancer. Moreover, with the aim to identify novel strategy to target aggressive cancer cells expressing HERVs, we analysed the response to antiretroviral drugs treatment in vitro.
Materials and Methods

Cell Lines and Culture Conditions
In this study the human melanoma cell line TVM-A12, stabilized in our laboratory, the hepatocellular carcinoma HepG2 and the lung adenocarcinoma A549 cell lines (all from ATCC, VA, USA) were used. The TVM-A12 cell line was cultured in RPMI-1640 medium, while HepG2 and A549 cell lines were cultured in DMEM medium. Both media were supplemented with 10% (v/v) heat inactivated fetal bovine serum (FBS), Lglutamine (2 mM), Penicillin-Streptomycin (100 mg/ml) (all from Sigma, MO, USA) and hereinafter called standard media (SM). All cell lines were maintained at 37°C in a humidified 5% CO 2 atmosphere and passaged twice weekly after detachment with trypsin (0.05%) and EDTA solution (0.02%) in PBS (Sigma). To assess the response to microenvironmental modifications, all cells were cultured in the serum free stem cells medium X-VIVO™ 15 (Lonza, Verviers, Belgium), named X-VIVO in text and figures, supplemented with Penicillin-Streptomycin (100 mg/ml). Specifically, cells were cultured for 18 h in SM to ensure cell attachment; afterward, cell were washed with PBS and cultivated in SM or X-VIVO for 72 h. Cells were than detached and back cultured with the same fresh media for further 24 h.
Reverse Transcriptase Inhibitor Treatments
As described above, cells were cultured in SM to ensure cells attachment before starting treatments. Then, cells were washed and cultured in SM or in X-VIVO for 72 h and in presence or not of the nucleoside reverse-transcriptase inhibitor (NRTI) azidothymidine (AZT) (Sigma) at the concentrations 8 and 32 μM or the non-nucleoside reverse transcriptase inhibitor (NNRTI) efavirenz (EFV) (kindly provided by Corrado Spadafora) at the concentration 15 μM. Cells were than detached and cultured with the same fresh media for further 24 h in presence of AZT or EFV at half the concentration previously used.
Morphological Analysis and Cell Growth
At the end of the treatment (96 h) with the antiretroviral drugs, morphological analysis was carried out by phase contrast microscopy, using the Olympus IX51 inverted microscope equipped with a digital camera and 10× lens magnification (Olympus, Tokyo, Japan), and cells were examined through trypan blue dye exclusion test in duplicate.
Flow Cytometry Analysis
For cytofluorimetric analysis cells were detached as previously described, washed twice in PBS, incubated with the phycoerythrin-conjugated antibody CD133/2 (clone 293C3) or phycoerythrin-conjugated isotype antibody used as control (all from Miltenyi Biotec, Bergisch Gladbach, Germany), for 30 min at 4°C. Cells were then fixed with 1% formaldehyde solution for 5 min at 4°C, centrifuged for 5 min at 800 g and washed once with PBS.
For apoptosis analysis cells were detached as previously described, washed in PBS, fixed with 70% ethanol (Sigma) for 45 min at 4°C, washed in PBS and stained with propidium iodide (25 μg/ml diluted in PBS) (Sigma) and treated with RNase A (150 μg/ml) (Sigma). Before the analysis, cells were stored for at least 3 h at 4°C. Flow cytometer analysis was performed by BD FACS Calibur (Becton Dickinson, NJ, USA) using CellQuest Pro software on a minimum of 5000 events for each sample.
RNA Extraction and RT-Real Time PCR
The expression levels of env gene of HERV-K and HERV-H and of CD133, OCT4, NANOG and SOX2 were evaluated by RT-Real Time PCR, using specific primer pairs (Table 1 ) [38] [39] [40] . In particular, the primers used specifically recognized sequences of the HERV-K (HML2) subgroup (hereinafter indicated as HERV-K). The list of the sequences potential identified by primer pairs is reported in Table 2 for HERV-K [41, 42] and in Table 3 for HERV-H [43] [44] [45] [46] .
Briefly, total RNA was extracted using TRIzol™ reagent (Invitrogen, MA, USA) according to the manufacturer's instructions, retrotranscribed into cDNA (ImProm-II™, Promega, WI, USA) and amplified by Real Time PCR (CFX96, Bio-Rad Laboratories, CA, USA) using SYBR Green chemistry (Promega). The threshold cycle (Ct) comparative method was used to analyze the relative changes in gene expression of each sample compared with the reference sample, calculating as follows:
and ΔCt (calibrator) was the mean of ΔCt of TVM-A12, HepG2 or A549 cells maintained in SM. Samples were analyzed in triplicate and for each experiment no template control was included to verify any contamination.
Colony Formation Assay
Colony formation assay was performed by seeding cells at different density in SM in 6-well plates (Corning Incorporated, NY, USA), according to the growth rate of the different cell lines: 200 cells/well for TVM-A12, 300 cells/ well for HepG2, 100 cells/well for A549. After overnight incubation to ensure cell attachment, culture medium was replaced with fresh medium, and cells were treated with AZT (8 and 32 μM) or EFV (15 μM), for 10 days. At the end of the treatments, colonies were washed with PBS, fixed in ethanol for 30 min and stained with 0.5% methylene blue solution (Sigma), for 15 min at room temperature. A cluster containing 25 or more cells was scored as colony. The colony-forming efficiency was calculated as plating efficiency (PE) as follow
where PE indicates the percentage of cells seeded into a well that finally grow to form a colony [47] . Digital images of the colonies were obtained using the ChemiDoc XRS+ and Image Lab software (Bio-Rad, CA, USA). Size of colonies were calculated using the OpenCFU software [48] .
Statistical Analysis
Data analysis was performed using the SPSS statistical software system (version 20.0, SPSS Inc., Chicago, IL, USA). The comparison of the means was carried out using Bonferroni post-hoc multiple comparison Anova test. To determine any correlation between HERVs transcription levels and embryonic genes expression, Spearman's rho correlation coefficient was calculated. Statistical probabilities were expressed as p ≤ 0.050 (*) or p < 0.001 (**).
Results
Cancer Cells Undergo Phenotype Switching Accompanied by Transcriptional Activation of HERVs and Cancer Stem Cell-Associated Genes as Result of the Microenvironment Changes
With the purpose to investigate the response of different types of cancer cells to the modifications of the microenvironment, TVM-A12, HepG2 and A549 cells were cultured in SM or in the stem cell medium X-VIVO for 72 h and analysed for morphological changes and for HERVs, embryonic genes and the CD133 stem cell marker expression. As shown in Fig. 1a , all cell lines cultured in SM grew in adhesion and exhibited their typical polygonal morphology. The passage in X-VIVO medium induced the detachment of cells and the formation of cellular sphere-like agglomerates, although in a heterogeneous manner depending on the different cell lines. Indeed, as we have already demonstrated [38] , in X-VIVO medium the TVM-A12 cells are able to form dark aggregates, due to the massive melanin production in response to the s t r e s s -i n d u c e d c o n d i t i o n o f s e r u m d e f i c i e n c y. Interestingly, also in HepG2 and A549 cells the exposure to the same stem cell medium induced sphere-like cell aggregates formation (Fig. 1a) .
In previous reports, we already demonstrated the involvement of HERV-K into the acquisition of aggressiveness and CSCs features in human melanoma cells undergoing microenvironmental changes [38, 49] . Indeed, as shown in Fig. 1b , in TVM-A12 cultured in X-VIVO medium, the transcriptional activity of HERV-K, CD133, OCT4 and NANOG was significantly increased when compared to SM (p < 0.001). Herein, as a novelty, we highlight also the increase of HERV-H expression (p < 0.001) and the slight increase of SOX2, although not statistically significant. Likewise, in response to X-VIVO exposure, also HepG2 cells increased the transcriptional activity of both HERV-K and HERV-H, together with the induction of CD133 and the embryonic genes OCT4 and NANOG expression (p < 0.001), and a slight not statistically significant increase of SOX2. Conversely, in A549 cells cultured in X-VIVO, the generation of sphere-like aggregates was accompanied to a poor induction of gene expression with a statistically significant increase only of HERV-H and SOX2 expression (p < 0.001).
According to the data obtained with the RT-Real time PCR, the phenotypic analysis performed by flow cytometry shows that in SM both TVM-A12 and HepG2 cell lines, but not A549, contain a subpopulation of cells expressing CD133 (sum of left and right upper quadrants respect to isotype: TVMA-12 8.96%; HepG2 3.44% and A549 0.16%), that was maintained in X-VIVO medium, particularly in TVM-A12 (9.68%) and, although with less efficiency, in HepG2 (1.26%) cell lines (Fig. 1c) . Interestingly, the Spearman correlation analysis of HERVs, CD133 and embryonic transcription factors gene expression (Table 4) demonstrated that, in response to different culture conditions, HERV-K and HERV-H transcriptional activity were high significantly positive correlated in all cell lines (p < 0.001). Moreover, both HERV-K and HERV-H were also significantly positive correlated with the expression of CD133 and of the embryonic genes in all the cell lines. Only SOX2 did not correlate with HERVs expression in TVM-A12 cell line. Moreover, in HepG2 and A549 cells the expression of CD133 correlated positively with OCT4, NANOG and SOX2, while in TVM-A12 CD133 expression correlated positively with OCT4 and NANOG, but not with SOX2 ( Supplementary Table 1 ).
Antiretroviral Drugs Alter Transcriptional Activity of HERVs and Cancer Stem Cell-Associated Genes during Microenvironmental Changes
Previously we demonstrated that antiretroviral drugs were able to halt the expansion and maintenance of CD133+ melanoma cells restraining the activation of HERV-K during microenvironmental modification [38] . Thus, we investigated on the effect of the reverse transcriptase inhibitors AZT and EFV on the modulation of gene expression in TVM-A12, HepG2 and A549 cancer cells exposed to microenvironmental changes. By RT-Real time PCR analysis, we assessed the transcriptional activity of HERV-K, HERV-H, CD133 and embryonic factors (OCT4, NANOG, SOX2) on the three selected cell lines, cultured in SM and X-VIVO and treated with AZT (8 and 32 μM) or EFV (15 μM) (Fig. 2) . As described above, the untreated TVM-A12 and HepG2 cells grown in X-VIVO, exhibited a high increase of expression of HERV-K, HERV-H, CD133, OCT4 and NANOG genes compared to SM (black asterisks) (all p < 0.001) (Fig. 2) . However, in TVM-A12 cultured in X-VIVO, all these genes showed significant reduction of their transcriptional activity after treatment with AZT 8-32 μM or EFV 15 μM when compared to untreated control cells (CTR) (red asterisks) (all p < 0.001) (Fig. 2) . Similarly, in HepG2 cultured in X-VIVO, both AZT and EFV were able to significantly decrease HERV-K, CD133 and NANOG (p < 0.050), and to highly significant decrease HERV-H and OCT-4 expression when compared to untreated cells (red asterisks). In A549 cells cultured in X-VIVO, AZT treatment significantly decreased the expression of HERV-H and OCT4, and EFV treatment significantly decreased the expression of OCT4 and SOX2 compared to untreated cells. Conversely, HERV-K was found slightly increased by EFV treatment compared to untreated condition in both SM and X-VIVO medium.
Antiretroviral Drugs Affect Clonogenic Ability, Cell Growth and Apoptosis in TVM-A2, HepG2 and A549 Cell Lines
On the basis of the ability of the reverse transcriptase inhibitors AZT and EFV to modulate the transcriptional activity of HERVs and cancer stem cell associated genes under microenvironmental changes (Fig. 2) , we then assessed their effect on the clonogenic ability, cell growth and survival in the same experimental conditions. In Fig. 3 is shown the effect of AZT and EFV on the clonogenic activity of cancer cells cultured in SM. In untreated culture condition (CTR), the three cells lines formed colonies of different size (Fig. 3a) , as reported by the colony area analysis (Fig. 3b) , showing the presence of larger colonies in A549 cells than in TVM-A12 and HepG2 cells (mean values: 389.91, 162.46 and 259.66 μm 2 , respectively). Antiretroviral drugs significantly reduced the colonies' size only in TVM-A12 (mean values: AZT 8 μM: 132.87μm 2 ; 32 μM: 78.39μm 2 ; EFV 15 μM: 65.02μm 2 ) and in HepG2 (mean values: AZT 32 μM; 123.3μm 2 ; EFV 15 μM: 139.22μm 2 ) (p < 0.001). The basal plate efficiency (PE) for all the cell lines was in agreement with most of the mammalian cancer cell lines PE, namely between 40 and 80% [47, 50] , actually 55.3%, 43.7% and 49% (Fig. 3c) for TVM-A12, HepG2 and A549 respectively. In TVM-A12 cells, the treatment with AZT 32 μM and EFV 15 μM induced a highly significant decrease in PE value (24.62% and 21.62% respectively) (p < 0.001). Similarly, HepG2 cells treated with elevated concentrations of antiretroviral drugs, showed a highly significant reduction of the PE (AZT 32 μM 21.42%, EFV 15 μM 27.1%) (p < 0.001). Interestingly, in A549 cells reverse transcriptase inhibitors induced a significant diminution of PE only at EFV 15 μM 31% (p < 0.050) (Fig. 3c) .
Cell aggregates formation generated in the passage from SM to X-VIVO was reduced both in number and in dimension with AZT 32 μM and EFV 15 μM treatment in all analysed cell lines (Fig. 4a) . The exposure to X-VIVO determined a reduction of cell growth in all the cell lines (Fig. 4b ).
Compared to cell growth in SM, only in HepG2 the treatment with AZT 8 μM, AZT 32 μM and EFV 15 μM caused a significant reduction of cell growth (AZT p < 0.050; EFV p < 0.001).
In TVM-A12 the culture in X-VIVO medium reduced cell growth in both treated and untreated cells compared to SM (p < 0.050). Surprisingly, only the treatment with EFV 15 μM was able to induce a significant increase of apoptosis compared to untreated cells in SM (black asterisks) (p < 0.001), although with different susceptibility among the cell lines. (Fig. 4c) . In HepG2 and A549, only EFV 15 μM was able to induce a significant increase of apoptosis compared to untreated cells in X-VIVO (red asterisks) (p < 0.001) (Fig. 4c ).
Discussion
In agreement with our previous findings demonstrating the increased aggressiveness of melanoma cells under stress condition depending to HERV-K activation [38, 49] , here we show that, also in cells from liver and lung cancers, the response to the exposure to a serum free stem cell medium is associated to phenotype switching towards sphere-like cellular aggregates generation concomitant to HERVs activation. Novelty, present data demonstrate that, in addition to HERV-K, also HERV-H is significantly increased depending on microenvironmental changes in all the analysed cell lines. Noteworthy, tumorigenesis is determined, other than by genetic predisposition and alterations, also by external soluble and cellular factors present in the cancer microenvironment contributing to transformation [20] . In this context, HERVs may exert a role in the crosstalk between cancers microenvironment and cell plasticity [5] . Indeed, depending on microenvironment characteristics, HERVs expression can be regulated by epigenetic mechanisms including the modifications of both DNA and the histones in somatic and embryonic cells [4] . Herein we demonstrated that HERVs expression is different among the cell lines and runs in parallel with the expression. It is worth to mention that LTR7/HERV-H, LTR5_HS/HERV-K and L1HS, harbor 99.8% of the candidate regulatory loci with putative transcription factor-binding sites in human embryonic stem cells (hESCs) genome [51] , and enhancers and promoters in retroviral LTRs can influence the transcription of neighbouring genes. In hESCs, HERV-H interacts with OCT4 to promote the enhancer activities of LTR7 and nearby regions, modulating genes essential to cell identity [52] [53] [54] . Furthermore, transactivation of hypomethylated HERV-K LTRs by OCT4 induces HERV-K expression during normal human embryogenesis [55] . HERV-K transcripts and proteins were found also in pluripotent stem cell lines and induced pluripotent stem cells (iPSC), and their expression were silenced upon differentiation [56] . Thus, from embryos to tumors, the network among embryonic genes and HERVs underlines the role of HERVs activity in the cancer cell stemness and plasticity maintenance. Actually, embryonic factors are involved in CSCs maintenance and are associated with a high presence of CD133+ cells in certain tumors [57, 58] . We already demonstrated that in TVM-A12 cells, HERV-K is strictly required to determine phenotype switching and the expansion of a CD133+ cell subpopulation expressing OCT4 and NANOG [38] . In agreement, here we demonstrate that also in HepG2 cells the culture in X-VIVO induces HERVs and CD133 expression, together with the embryonic transcription factor OCT4 and NANOG. On the other hand, in A549 cells, phenotype switching in X-VIVO is accompanied by HERV-H together with SOX2 activation, but not CD133 that is poorly represented in this cell line, as demonstrated by flow cytometry. Intriguingly, HERV-K upregulation has been associated to cancer progression and poor outcome in HCC patients [59] . Moreover, it has been reported that HBx protein of HBV could increase promoter activity of HERV-W env gene in HepG2 cells through NF-kB [60] , suggesting HERVs role as cofactors in HCC etiopathogenesis. The use of approved antiretroviral drugs to control endogenous retroelements has been already suggested in cancers as well in other diseases [61] [62] [63] . Although with heterogeneous response among the different cell lines, herein we demonstrate that antiretroviral drugs are able to inhibit the expression of HERV-K and HERV-H in cancer cells under unfavourable culture condition. Remarkably, HERVs transcriptional activity inhibition by AZT and EFV was accompanied also by the CD133 and embryonic genes expression reduction. The results also demonstrate that antiretroviral drugs could affect the clonogenic ability of all the analysed cancer cell lines. Of note, the colony formation assay highlights the proliferative potential and stem cell-like property of a specific cancer cell line [64] . Moreover, the effects of antiretroviral treatments were evident under pressure of microenvironmental changes due to the exposure to stem cell medium, resulting in sphere-like aggregates reduction both in number and dimension. Intriguingly, the apoptotic response to EFV in X-VIVO is inversely associated to the expression of HERV-K, CD133 and the embryonic genes OCT4 and NANOG, suggesting their interplay in cancer aggressiveness. Actually, embryonic factors are involved in the modulation of signaling pathways to inhibit apoptosis in cancer cells [65, 66] . The cytotoxic effects of AZT have been associated to mitochondrial toxicity and modulation of NF-kB responder genes [67, 68] . Of note, the concentrations of AZT used in the present study have been found to be no cytotoxic in peripheral blood lymphomonocytes in vitro [69] , suggesting that the effect in cancer cells could be specific targeting the endogenous RT. For instance, the inhibition of RT activity by NNRTIs such EFV induces a differentiated phenotype in cancer cells [70] .
It is established that genomic instability is a hallmark of cancer cells [71] , as well as, a genetic mutation with gain of function in oncogenes or loss of function in tumor suppressor genes [72, 73] . The epigenetic modifications, such as demethylation, can induce activation of embryonic genes promoting the dedifferentiation process and therefore CSCs initiation [74] . On the other hand, in different type of cancers, genomic instability due to genetic and epigenetics factors, is associated to an altered expression HERVs. Recently the activation of HERVs by hypomethylation drugs, such as DNA methyltransferase inhibitors (DNMTi), and histone deacetylase inhibitors (HDACi) has been associated to increased response to immunotherapy [75, 76] . Indeed, the HERVs reactivation induce viral mimicry related to the induction of the IFN response associated to the increase of the expression of the antigens and molecules involved in immune response checkpoint, thus improving the response to the immunotherapy [77] . Single anticancer therapies have always been associated to the selection of residual aggressive and resistant cancer cells, and HERVs reactivation by DNMTi and HDACi could also induce aggressive clones. Thus, the combination of therapy is clearly an indispensable approach to fight aggressive tumors and overcome CSCs mediated therapy resistance in conventional and innovative approaches [78] . In this view, HERVs could represent targets for new combination therapy in cancer.
Conclusions
In response to microenvironmental changes, HERVs could determine cancer cell fate playing a role in genome shaping and instability and driving cancer cells towards the acquisition of stemness features. The responsiveness to antiretroviral drugs treatment of cancer cells with stemness features and expressing HERVs suggests their potential use as innovative approach to treat aggressive tumors in combination with chemotherapeutic/radiotherapy regimens.
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